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. demonstratmg the success of this strategy ‘

Keyﬁords

DIPHTHERIA - prevention & control
ANTIBIOTIC PRDPHYLAXIS '
(D UNICEF ‘
7 NIS

_All rights inl this. document are reserved by the WHO Regionat Office for Europe. The document may neverthelcss be frcely
reviewed, abstracted, mproduced or translamd into any other language, but not for sale or for use in con;unct:on with .
commercial purposes, Any views expressed by named authors are solely the rc.sponsibxhty of those authors. The Raglonal s

: Ofﬁce would appreclate re,cewmg three caples of any translatmn




World Health Organization Regional Qffice for Europe (WHO/EURQ)
Centers for Disease Control and Prevention (CDC)
Basic Support for Institutionalizing Child Survival (BASICS)

ANTIBIOTIC PROPHYLAXIS OF CONTACTS OF DIPHTHERIA CASES

The WHO/UNICEF Strategy for Diphtheria Control in the New Independent States
recommends antibiotic prophylaxis for close contacts of diphtheria cases (see Annex 1). The
principle reason for this recommendation is to prevent the development of secondary cases
among contacts. In addition, by eliminating carriage of the organism from close contacts,
further spread within the cornmunity will be prevented. This latter benefit is likely to have
most impact in the overall control of diphtheria when there are relatively few cases, 1.e. either
early in an epidemic or in the latter stages of achieving control through immunization
campaigns. However it likely also has benefit during the height of an epidemic. Several
published reports have documented the important role that persons asymptomatically infected
with C. diphtheriae (camiers) have in spreading diphtheria.'” Persons who are fully
immunized may carry the organism, transmitting the infection to susceptible persons. Thus

antitibiotic treatment of carriers is an important aspect of diphthera control.

By contrast with the WHO/UNICEF recommendation of treating all close contacts regardless
of culture status, in many of the New Independent States, the current practice 18 to first culture
all close contacts, and after receipt of the culture results, treat with antibiotics only those who

are culture positive for toxigenic C. diphtheriae.

The following questions will be addressed by this document. (1) Is antibiotic prophylaxis
effective in eliminating C. diphtheriae from infected carriers? (2) Is antibiotic prophylaxis of
all close contacts more effective in preventing secondary cases among close contacts and in
reducing spread of diphtheria in the community than the alternate strategy of waiting for
culture results and treating only persons identified as culture positive for toxigenic C.
diphtheriae? (3) Will wider use of antibiotic prophylaxis as advocated by the WHO/UNICEF
strategy induce antibiotic resistance in C. diphtheriae, or (4) cause an unacceptable number of
side effects among recipients? These questions will be addressed in tum, ‘and selected

English language medical articles have been attached (Annex 2).




This document has been prepared jointly by the World Health Organization Regional Office
for Europe, the U.S. Centers for Disease Control and Prevention (CDC), and BASICS,’ in
order to address some concerns that have been raised by public heaith policy makers,
epidemiologists, and clinicians in the New Independent States about the recommendations for

antibiotic prophylaxis of contacts of cases included in the WHO/UNICEF strategy.

1. Is antibiotic prophylaxis effective in eliminating C. diphtheriae from infected

carriers?

From the medical literature it is clear that both penicillin and erythromycin are highly
effective, although not 100% effective, in eliminating C. diphtheriae from the nose and throat
of respiratory carriéxs. Zalma and colleagues® during an epidemic in Austin, Texas from 1967
to 1969, reated 142 carriers with a seven to ten day course of intramuscular procaine
penicillin, administering a dose of 600,000 to 2,000,000 units per day deperding on the age of
the treated person. One hundred twenty eight (90.1%) became culture negative. Those who
remained culture positive after penicillin were treated with erythromycin for 7 days, with
successful eradication of the organism in all cases. In an outbreak in San Antonio, Texas, in.
1970,* households were randomly assigned to be treated with either (i) benzathine penicillin
(a single intramuscular dose of 600,000 units for age 1-5 years and 1,200,000 units for age 5
years), (ii) erythromycin estolate by mouth for 7 ‘days, or (iti) clindamycin by mouth for 7
days. The carrier state was terminated in 125 (89%) of 149 carriers treated with penicillin, 82
(92%) of 89 treated with erythromycin, and 52 (93%) of 56 treated with clindamycin.
Although there is a trend towards apparent greater efficacy of erythromycin compared to
penicillin, this difference fails to meet statistical significance.” Almost all patients were

culture negative within 4 days of beginning antibiotics.

The findings of these two reports may be compared to studies conducted during the pre-

antibiotic era which analyzed the rate of disappearance of C. diphtheriae from the nose and

"BASICS (Basic Support for Institutionalizing Child Survival) is funded by the United States Agency for
International Development.

°In the article,it is stated that the difference is significantly different (p<0.05) by chi square. However the on
recalculating chi square, the correct p value 15 0.07, and for chi square with Yates continuity comrection, p=10.1.
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throat of cases and carriers. Hartley and Martin® found that among 457 cases, approximately
50% still carried the organism at 15 days after illness onset. Weaver® studied the rate of
disappearance of C. diphtheriae among 500 cases, and found that after the first week,
approximately half of the cases that began the week culture positive became negative during
the following 7 days. By three weeks after onset, 29% remained culture positive. The latter
author also studied the rate of disappearance of C. diphtheriae in 52 carriers: by 2 weeks after
identification of the carrier, 44% remained culture positive. Thus antibiotic treatment

significantly shortens the duration of carriage.

In addition to households, erythromycin has also been used in the setting of institutional

outbreaks to successfully eradicate toxigenic C. diphtheriae.’

2. Is aptibiotic prophylaxis effective in preventing secondary cases among close contacts

and in reducing spread of diphtheria in the community?

1t has never been demonstrated by scientific studies that prophylaxis of all close contacts of
cases more effectively prevents either secondary cases among close contacts or further spread
of diphtheria in the community, than the alternative strategy of first culturing close contacts
and treating only individuals who are found to be culture positive for toxigenic C.
diphtheriae. Such trials would be difficult to design and conduct in 2 manner that would
produce a scientifically valid result, and might be considered unethical in Western Europe

and North America because of the concern about untreated contacts developing diphtheria.

However, even without such a study, several facts taken together argue in favor of the policy
of treating all household contacts. Based on studies in the era before widespread vaccination,
1t 15 known that the risk of developing clinical diphtheria in the 30 days after onset of illness
i the case is at least 10 times higher among household contacts of cases than it is among the
general public.’ Becanse the incubation period of diphtheria is usually 2 to 5 days, the highest
nsk of secondary cases is in the few days after the index case is identified. Rates of carriage
of toxigenic C. diphtheriae of up to 25% among household contacts of cases are reported.”® It
usually takes a minimum of 48 hours, and often 3 to 5 days, for the laboratory to positively

identfy toxigenic C. diphtheriae from a throat culture. The sensitivity of culture for detection
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of carriers is probably not 100%, and the sensitivity of toxigenicity testing to distinguish
toxigenic from nontoxigenic strains is also not 100%. Thus cases‘may develop while waiting
for the culture result, or an undetected carrier may spread toxigenic organisms in the
community. All these facts argue in favor of the WHO/UNICEF recommended policy of

treating all household contacts of cases.

In the Sap Antonio outbreak described above, antibiotics were given to all household
members immediately after culture, without waiting for culture results. This is also the

current recommendation for diphtheria control in the United States.”
3. Will antibiotic prophylaxis induce antibiotic resistance to C. diphtheriae?

The WHO/UNICEF strategy recommends a single injection of benzathine penicillin as the
treatment of choice for carriers, for reasons of ensuring compliance. Penicillin resistance to
C. diphtheriae has never been reported in the literature, despite treatment of tens, if not
hundreds, of thousands of cases and the widespread coﬁununity use of penicillins since the
1940s.>' Studies that have examined strains that were not cleared from the throat by a
course of penicillin have universally found such strains to remain sensitive to penicillin.*
Thus while it is possible that penicillin resistance to C. diphtheriae could occur, this is quite
unlikely. There is one report of erythromycin resistance among respiratory carriers that were
not rendered culture negative for C. diphtheriae by a course of exythromcyin,” but in all other
published reports of treatment of respiratory diphtheria cases and carriers, failure to eradicate
the organism has not been associated with erythromeyin resistance. Plasmid-mediated
erythromycin resistance to C. diphtheriae has been reported uncommonly from cutaneous

diphtheria isolates.'*"'®

It should also be appreciated that there are many persons who are unrecognized carriers of C.
diphtheriae and who receive antibiotics for various indications, without cultures for
diphtheria being performed. Thus the organism is exposed to antibiotics regularly in the
community, yet despite this has remained highly susceptible to the common antibiotics used

to treat diphtheria.




4. Will antibiotic prophylaxis cause serious side effects among recipients?

Penicillin is a safe, narrow spectrum antibiotic, commonly used for chronic prophylaxis (for
example in patients with rheumatic heart disease and sickle cell disease). Penicillin does not
cause major disturbances to the bacterial flora of the gastrointestinal tract as may be seen with
broad spectrum antibiotics. Significant side effects are extremely rare, and the risk to
untreated close contacts of cases of developing diphtheria, and suffering complications or
death as a result, are significantly higher than the risk of suffering serious side effects from
antibiotic prophylaxis. Erythromycin frequently canses abdominal discomfort, but serious

side effects are also rare.

In surmmary, the WHO/UNICEF recommendation for antibiotic treatment of all close contacts
of diphtheria cases is likely to resuit in more effective prevention of secondary cases, and
more effective prevention of further spread of C. diphtheriae in the community, than the

existing practice of treating only those contacts identified as carriers of toxigemc strains. The

negative impact of such increased antibiotic use is likely to be minimal.
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JAIN R.B. HARDY

Diphtheria Immunization

Effect Upon Carriers and the Control of Outbreaks

Louis W. Miller, MD); . Justin Older, MIy; James Dreke; and Sherweod Zimmerman, Austin, Tex

b diphtheriz epidemic in 2 small central
Texas community centered in the siemen
tary sehool. Epidemiological investigation at
the school included throat cultures and im-
munization histories of 306 of the 310 stu.
tents and staH, Of these, 104 (34%) had cul-
wre-proven diphtheria infections; 15 were
symptomatic cases and BS were catriers.
Thers was no statistical difference in the Azk
of diphtheriz infection among those - with
full, tapsed, inadequate, or no previous diph-
theria immunirations. However, the risk of
symptomatic diphtheria was 30 tirmes as

tor those with none, and 11.5 times as
t.eat for those with inadequate immuniz-
vons as for those fully immunized. Diph-
theriz foroid helps prevent sympiomatic dis-
exte but does not prevent the carmer state
ner stop the spread of intection, identitying,
ispiating, and treating carriers are very im-
portant aspects in the control of diphtheria
outbreaks,

WT ith the increase in the number
of cases of diphtheria in the

DRG;Ei\':d for publiextion Ot 11, 1971; accepted
6.

from the Epideminlogy Programs Cevter for
Discase Control, Atlants (Dm. Miller, Diger,
Drake, amé Zimmerman) the Communiable
Diszase Serviems, Texas State Department of
H.'-R“h. Aumic {Drx. Milier, Oldar, Drake, and
limmeraan); and the Deparmoent of Proventive
Medioine, Universicy of Maryland Bebool of
Mediane, Bahimore (Dr. Mitler),

Repnny requests 1 Epidemiclogy Program,
Cenier for Diseane Conrrol, Atlanta 333,

Atner | Dis Child/Vel 123, Mareh 1972

Table 1.—Definitions of Immunization Status®
Status Definttion

Full Primary series (throe of Mmote inpesiions), or
a primary series pius 3 boostar, completed within
ten Years.,

Lapged Primary senes, of a primary series plus bonster,
completed more than {en yoars ago.

inadequate Uneompisted primary senes (&5 than thees imections)
=t any time.

MHons HNe diphthena {oxoid ever recoived.

= Adapted from the Cantar for Disease Control!

United States during the past few
vears, the effect of immunization on
the ¢ontrel of outbreaks has become
an important question. In the Austin,
Tex, diphtheria epidemic of 1967-
1969 cases continned to oecur despite
the admiznistration of 155,200 doses of
diphtheria toxeid and the con-_
comitant rise in immunization levels
of school age children from 68% to
89%. Data from the Austin sutbreak
suppested that a large reservoir of
earriers was important in the contin-
ved transmission of Corynebacierium
diphtherige. Qther diphtheria owt-
breaks have shown that epidemics oc-
cur in pepulations with high immuni-
zation levels,™ A diphtheria outbreak
in an elementary school in Elgin, Tex,
in the spring of 1970 provided an op-

poertunity to study the effects of im-
munization on carriers znd on the
control of an epidemic situation.

Materials and Methods

When it besame obvious in the Elgin
diphtheria epidemic {Older JJ et al, onpub-
lished data) that cases were clustered io
the elementary school, 2 special throat eul-
ture znd immunization survey was begun
there Throat cultures were obtained from
and immunization status was determined
for 30% of 310 students and stafl. Throat
swabs were taken on three separate ooti-
sione from each person: April 7, April 17,
and May 4. These were streaked on Loefi-
ler blood serum ¢r Pai medimm and in-
cubatad overnight Cysiine tellurite bload
agar and Tinsdale medium were used for
isolation, Elek-Fing agar diffusion plates
were used {or toxigenicity determination

Immunization stetus ipformation was

Diphtheria Immunization/Miller et =l 197




obiained br personal mtertiew and review
of availzhie school awd medical reeords.
The status of sach oerson classified as
"adequate,” “lapsed.” "ioadequate,” znd
"none," acording 1o The definitions of the
Center {or Disease Comtrol (Table 1)
ADY persor with a sore throat or other
sveploms compatible with diphtheria and
a positive nunire for © diphthérine orga-
nisms was classified az a “ease"” A person
without grmptoms bus who bad a positive
throat cultre for C diphtherige organisms
was classtfied as 2 "ea=vier.” The term "in-
fectipn” applied Lo arTone with a positive
cultzre regardless of Eis dinical state and,
therefore, meluded bath cases and carriers.

Results

When diphtheriz was first diag-
nosed in the elementary school,-67%
of the children and =zafl were already
fully immupized, ard 7% had had at
least one deose of diphtheria toxoid.
The #irst case in the elementary
school population was diagnosed In
late Febmary 1970, and by April 8, 15
cases had ocecurred (Figure).

Throat cuitures were done on 308
children and staff; toxigenic C diph-
therige, gravis type, was isolated
{rom 104 (34%). FPifteen of these (1a%)

—
5—4
% 4
o
o
N L] I
weelr 3 10 7 24 3101 7 2 21 2817 14 21 20 4 11 18 2
Ending Jangary Febroary Mareh Apnl

Weak of Disgnosis

Diphthera cases in Elgin, Tex, elementary school, spring 1970

Tahie 2.—Immumnization and Culture Status of Students and Staff,
Elgin, Tex, Elementary School, Spring 1970

Culture Status

Diphtheria Infection

- - Attack Rate
immunization Status Fosttive HNegative Total (per 100)
Full 73 132 205 35.6
Lapsed [ 4 4 Q
Inndeguate 28 59 87 32.4
Norme 3 7 10 30.0
Total 104 202 306 34.0

were cases, and 85 (B6%) were car-
riers. There was ne statistical differ-
ence in the risk of diphtheria infee-
tion among those with full, lapsed,
inadequate, or no previous diphtheria
immunization (Tabie 2). However, the
risk of becoming a case was 30 times
as great for those with no immunira-
tion and 115 times as great for those
with inadequate immunizations as for
those with full diphrheria immuniza-
tien (Table 3). Among the 104 in-
fected with C dipicherineg, the risk of
being syvmptomatic was 13.3 times as
great for those inadequately immu-

Table 3.—immunization Status of Diphtheria Cases,
Elgin, Tex, Elementary School, Spring 1970

Diphtheria Casa

No, - Attack Rate
Immunization Status Crzes at Risk {per 100}

T Full 7 Z05 7.0
Lapsed [ 4 [5]
Inadequite ¢ 87 11.5
None 3 10 30.0
Tota! 15 308 4.9

nized and 37.0 times as great for
thoze with no previous immunizations
as for those who were folly immu-
nized (Tabie 4).

Comment

The importance of carriers in the
spread of diphthesia was well doeu-
mented by Doull and Larz* in the

Table 4.—Risk of Symptoms and immunization Status of Students and Staff
With Positive Diphtheria Cultures, Elgin, Tex, Elemantary School, Spring 1970

Sympiom Attack

Symptomatic  Asymptomatic  Tota! Rwte (per 100 * Ralative
Immunization Cases Carriers. Intecterd  Postive Cultures) Rigk |
Full Z 71 78 2.7 .
inedequate e 18 28 as.8 133 |
Neone 3 0 3 160.0 27.0 ]
Total 15 258 104 14.4 ]

'
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19205, 1n very thorough investi-
Jna, only about 20% of diagnoesed
1Ft‘.*.€ria ezses could be traced to
andrer suspected case, and the re-
manino B0% of the cases were attrib-
46 £ zavmptematic carriers in the
cpulzion. Recent-epidemics in Aus-
E&n and Elgin,® Tex, provided ample
fagence that carriers conmtinue to
F“? & verv important role ip the
Frgpmission of diphtheria.

-
]

31, diphtheria toxoid beczme
asajalie. it was generally “hehieved
Hut ©x induced immunity that pro-
{t2¢ individuals from symptomatie
ilje:: but not from asymptomatic in-
chian. Thic was baced on the obser-
Vedios that immunity is related to the
hadzlization of toxin elaborated by
(._d{phtheﬂa& and not interference
it diphtheria infection.
In 1235, Frost et al’ aliuded to T
weify of chservations on record con-
Zeming zntitosdc immonity and the
éather state, Nonetheless, he stated
The “he limited data suggested that
wrg is ligtle, if any, difference be-
dwezn those individuals with and
fhere without antitoxic immunity in
Har risk of becoming infected.
More recently, Tasman and Lans
[;‘3 Ul forth the hypothesis that
fﬁ-d' use raduces the number of car-
trs This is based on surveys that

showed 2 steady decline in the preva-
lence of carriers. Sinee toxoid immu-
nization doeg prevent cases and sines
cages are more contagious than eare
riers,® the decline in carriers could he
due to the decrezse in contagious
cases rather than to the direct effects
of immunization.

The fndings in Elgin corroborzte
the agsumaptions of Frost et al’ and
show that there is no difference in the
risk of diphtheriz acquisition ameng
those with full, lepsed, inadequate,
and n¢ immunizations, However, ther
zlso demonstrate the value of imma-
nizatiop in redveing the risk of dis-
ezze 2pd show that the protection
against symptomatie iliness zforded
those infected with ¢ diphtheriae is
directly related to their iramunization
status,

Some anthors® have estimated that
if 70% or BD% of the population were
adequately immunized against diph-
theria, epread of diphtheriz would be
prevented However, diphtheriz ow-
brezks have been deseribed in popu
lations with as much 28 54% of the
people being previously immunized =~
These outbreaks the known impor-
tange of earriers in the spread of
diphtheriz, and the demonstrated
fzilure of toxoid to prevent ihe car-

rier$UETE 1BEd TS 10 CONCIUGEe that the
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AN R.B. HARDY

Treatment of Diphtheria Carriers: Benzathine Penijcillin,

Erythromycin, and Clindamycin

RICHARD V. McCLOSREY, M.D., FAC.P., MARTHALYN J. GREEN, M.D.,

JERRY ELLER, M.D., and JERRY SMILACK, M.D., F.A.C.P.

Asymmiomatic carmiers of taxinogenic Carynebacterium
diphtherias were treated by either a single injection of
benzathine penicillin or a 7-day oral course of erythromycin
or clindamycin, Nasopharyngeal cultures were obtained
from all carriers before freatment and after therapy was
started. The carrier state was terminated in 849 of thase
receiving benzathine penicillin, 929, of those receiving
erythromycin, and 239 of those receiving clindamycin.
These results differ from our previouslty reported l-year
study. Benzathine penicillin could be used, however, to
treat diphtheria cariers when patients cannat be relied
npon to complete a 7-gay course of oral therapy.
Clindamycin i5 an alternate antibiotic that will terminate
the diphtheria carrier state. There was no change in the
sensitivity of C. diphtherize to penicillin or erythromyein in
those whose carrier state persisted,

Morery METRODS to control diphtheria depend on main-
taining artifically induced antitoxic immunity, early detec-
tion, izolation of either symptomalic or asymptomatic
patients harborimg Corynebacteriurmn diphtherige mn the
nzsopharynx or on the skin, and terminatior of the carmer
state by antibiotic therapy (1, 2Z). Eradication of £, diph-
theriag from the nasopharyax may be difficuds to zccom-
plisk (2, 3). Antibiotic regimens currently recommended
use aqueous procaine penicillin, oral penicillin, or oral
erythromycn for from 4 days o 1 week (3, 4) and are
similar to those recommended for the treatment of active
disease. Carrier treatment has been an integral part of the
control of recant epidemics of diphtheria in the United
States (5-7). A carrier treatment program, requiring multi-
pie injectiops or using the oral route for 7 days is vuloer-
able to failure through lack of cooperation by the patient.
A regimen that would successfully eliminate the diphtheria
carrier state with a singje injection requuring only a siogle
coptact with the health care worker would promote control
of diphtheria epidemics.

From 1970 to 1972 we maintajped 2 carrier treatment
program in San Antonic, comparing the effectiveness of
= From the Semien of Infectiowy Diacascs, Department of Medicise,
Albert Einsein Medical Cepter, Darnfl Division, Philadeiphia, Penosyl
vania; the Department of Pediattict, University of Texgs Medica] School

a! San Antonio; and the Simc Antoniod Metropolitagn Health Diistrict, San
Antonis, Texas
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benzathine peniciliin and erythromysin in eradicating
C. diphtheriae from the pasopharynz. From 1972 to 1973
clindamysin was also used in the carmier oeaument pro-
gram to evaluate clindamycin as zn alterpative antibiotic
for diphtheria carriers who may be allergie (o penicillin or
who might not tolerate erythromyein.

Patients, Materials, and Methods

CARRLERS

When a diagnosis of diphtheria was made clinically or con-
firmed bactepmologieally, nasopbarypgeal cultures from  all
members of the padent’s housshold plus the panent’s copsora
ouside the home were obtalned by a nurse or physician in a.
standardized fashion previouwsly described (5). By assignment
from = random number list, sack padent's family unit was
treated by one of three methods: [1] intramuscular mjection of
600 000 umits (ages I to § years) or 1200 000 units (older
than 5 years) of benzathine penicilling [2} erythromycs estolate
by meouth for 7 days in & dosage reguiated by weight, 0.4 to
22 kg [1 to 50 lbsl, 250 mg cwice a day; 22 to 45 kg [50 to
100 1bs], 250 mg three times a day: or more than 45 kg [100
Ibs], 250 mg four times a day; or [3] clindamycin 150 mg by
mouth four timmas a day for 7 days.

MNasopharyngeal cumltures werz obtaiped on the cighth and
nirth day. Members of the family vnit, excluding the bread-
winner, were confined (o the home untl it was known that all
eighth and ninth day cultures were free of diphtheria baelin

[ Whenever possible nasopharynpeal cultures were obtained 30
" days after the injection of benzathime pepicillin apd 14 days
after termination of clindamycin treatment No carriers =
" caived diphtheria antitoxin. :

BACTERIOLOGIC METHODS

Masal and pharyogeal swabs were processed for isolstion of
. diphrkeriae by standard methods described previonsly (§).
Colonies with suspicious meorpholopy were confirmed 25 C.
diphtheriae biochemically (B). Toxinogenicity was con.ﬁrm;:_d..
by the modified in-vitro Eek plate methed (%, 10). Bacterm
identificd as toxinogenic C. diphtheriae were confirmed by the
I.abortary Division, Center for Discase Control (Dr. Walliy

Jones).

ANTIBIOTIC SEMSTITVITY TESTING

The minimum igphibitory concantration and minimum bae-
tericidal antibiotic concentraton (MBC) were detcrmined by
testing 10* cells of C. diphtheriar in mrypticase soy broth com=
taining 10% frtal bovine sorum against seriat twofold dilo-
tions of cephalexin, clindamycin, erythromycin, oxacillin, poi
cillin, and rifampin. Ipcubation was for 24 hourz at 37
Ampicillin, colisttm, lincomyecin, and tetracycline wers als
tested usipg the disc agar diffusion method medified by e
addition of sheep erythrocyies (7.5% ) to Mucller-Hinton ajas
to insure adequate growth of diphtheria bzeflli {11). b

Annals of Internal Medicine B1:788.791, 197
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Results

~-The relation of the minimum bactericidal coneentration
In-f “six antibiotics to the cutnulative percemt of Coryne-
pacterium diphtheriae strains killed by that antibiotc is
presented in Figure 1. These in-vitro data show that all
(hree aotibiotics used in this study would be expected to
prmipate the diphtheria carrer state sinee penicilling
erythromycin, and clindamycin (among others} are bac-
rrcidal for C. diphtheriae at concentTations artajnable by
reeommended doses of each antibiotic, When tested by the
dise method also, penicillin, erythromyein, and clindamycin
(as well as tetracycline} inhibit most stains of C. diph-
therige isolated during the San Antonjo epidemic.

The population treated using any of the thres regimens
was bomogenouvs, being composed mostly of Latin-Ameri-
cap children less than 15 years of age residing in the
santhwestern part of San Antonio.

The data imn Table 1 are derived from the treatment of
diphthetia carriers—all confirmed bacteriologically as har-
voring diphtheria bacilli in the pasopharynx before receiv-
. ing amtibiotic treatment as prescribed in one of the three
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Tabie 1, Antibiotic Trasimemt of Diphthwris Carrers—3-Yoar Sty
Treatment Method Failures* Succenne: Tatal
‘ no. (%) no. (%) ne.
Benzathine p:mm']]m 4161 125 (B4) 14%
Oral erytbromycin 7(®t 82 (52) &9
Oral chndamyein 4 (T 52 (93) 56
Totals 35 (12) 259 (38) T3

* Dnfincd a3 recovery of diphtheria hnﬂunnmmmnrmm
afesr treatment, Siad mrtis - M
1 Chissquare = 4.1; ¥ < 0.0%, oo ol g

treatrpent plans. A seces: was only recorded as such
when both nasopharyngeal cultures obtained on the eighth
and ninth day after therapy was started were bacterio-
logically negative for C. diphtheriae. Any other result was
recorded as a fajlure. Benrzathine penicllin treatment pro-
duced fewer successes than erythromyein treatment
(chi-square = 4.1; # < 0.05). No treztgment program
eradicated diphtheria bacilli from the nasopharymx of all
carrers. All cultires (28 of 28) obtained 30 days after
the imjection of benzathine penicillin were free of C. diph-
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ANTIBIOTIC SENSITIVITY = C.diphtheriae AFTER TREATMENT OF THE

CARRIER STATE

Figure 2. Antibiotc sensitivity pat-
tern of 30 stmins of Corynebac-
teriurm  diphtherize izolated from
nazopharynx of carriers befovn aod
after treatment with aither erythro-
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therize, Three of the four failures after clindamycin
therapy were caused by inadequate therapy because the
patienrs failed to take the prescribed amount of clindamy-
cin, Two wecks after the termination of clindamyein treat-
ment, the nasopharyngeal cultures from 25 of 26 carTiers
were free of C. diphrherige. No enterocolitis was observed
among those receiving clindamycin.

Those patients whose diphtheria carrier state persisted
afrer treatrnent raised the possibility that failure was
caused by the emergence of sirains of dipbtheria bacitli
resisian! to the antibiotic used, The data in Figure 2 show
that there was no significant shift in the antbiotic senst-
tvity of C. diphtheriae isolaled from the pasopharynx be-
fore and afrer treatment with penicillin or erythromyein.

Nine patients hospitalized with diphtharia were treated
with clindamyein (150 mg by mouth four times daily) in
addition to diphtheria antitoxin and supportive care as
outlined previously (5). The bacteriologic and climical
result was indistingnishable from those tregted with either
penicillin gr erythromycin.

790

! ]
0.60 k2

mycin or penicitlin. No significant
differences wera found in minimum.
inhihitory concentrations before or
after treatment (P> 1),

Discussion

Antibiotics are used in the treatment of diphthema o,
eliminate €. diphtheriae from the nasopharynx or skin of
patients with ¢linical dizease and to terminate the asympto—

" matic carrier state. The early use of diphtheriavantitoxin is

stll the only specific method of treatment (1, 2). Treat-
ment of the diphtheria carrier state is properly applied ton
those asymptomatic paticnts who bharbor toxinogenic
diphtberia bacilli in the the upper respiratory fract or
skin. All treatment programs are associated with some
failures to terminate the carrier state (3, 12-14). Tmt—;
ment of the carrier state with antibiotics is superjor lo no°
treatment at all, because the carricr state termipated?
spontaneously in only 12% of p@M
fontk (15). Persisting strains of C. diphtheriae did nob
become resistant to the antibiotics used, as similarig
observed by other investigators (11). Repository beorx
thine penicillin can be used as an alternale method” ok
antibiotic therapy for the diphtheria carrier state. The use

1
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of benzathine pegicillin may prove particularly helpful in
gmations where the physician is unsure of patient coopera-
don. In.z previous report {5) benzathine penicillin seemed
to be equally efiective when compared to erythromycin in
rminating the carrier state, The results of this 3-year
gudy, however, show that benzathine penicillin is not as
effective as erythromycin Erythromycin, then, is recom-
mended as the preferred antibiotic in the treatment of the
diphtheria carrier state. Clindamycin is 2 bactericidal
atibiotic for diphtberia bacflli at concentrations that can
b attaiped by recommended dose schedules. Becayse
epterocoliis may occur after the use of clindamycim,
erythromyein s recommended as the drug of choice for
yeatment of the diphtheria carrier state.
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Fatal Respiratory Disease Due to Corynebacterium diphtheriae: Case Report and
Review of Guidelines for Management, Investigation, and Control

From the Division of {aununizacion, Nerional Cener Jor Prevemtion
Services, Cemiers for Disease Conerol, Atianta, Georgia: and the Healih
une Rehabifitative Serviees of the Dade Count v Public Health L'ail.
the Linreersine of Miami. and Jackson Memore! Medical Center.
Mianti, Florda

Karen M. Farizo, Peter M, Strebel, Robert T, Chen,
Anita Kimbler. Timothy J. Cleary, and Stephen L, Cochi

Dramatic reductions in the incidence of diphtheria and high levels of childhood vacecinarion in i
recent decades have led the United States to establish the goal of diphtheria elimination zamong
persons %25 years of age by the year 2000, In 1990, an unimmunized 25-month-old child died of
respirazory diphtheria in Dade County, Florida, before treatmeni with diphtheria antitoxin couid
be instituted. Twenty-thres asympromatic household contacts and other £lose contacts of the
child were idenrified. cultured for Corynebacrerium diphtherias, given antimicrobiaj prophylaxis,
and vaccinared with diphtheria toxoid when indicated, Three contacts {13%) had pharyngeal
cultures positive for toxigenic C. diphtheriae of the same rype as that causing infettion in the
deceased child, but no additional cases developed. Although the souree of infection was net
deretmined, thive acher close contacts had recegely been to Hajti. where diphtheria is endemie, A
serological survey of 396 children <5 years of age who received care at a medical cenrer in Dade
County revealed that 22% lacked protective immunity to diphtheria Arrainment of the goal of
diphtheria eliminarion among persons =25 years of age—and ultimately among all persons—
will depend on the maintenance of a high Jevel of clnical awareness of the disease, the prompt
institution of preventive measures among close contacts of patients with sporadic tases, a.nd
improved vaceination leveis among infants, children, and adults,

In the [920s, an average of more than [25.000 cases and
10.000 deaths duc to diphtheria wers reponed annuzlly in
the United States. After the widespread use of diphthena
Ixoid in the {9405 the incidence of diphthera declined
stezdily, with dramatie reductions in the middle to jate
1970s. In the 1980s, 27 sporadic cases of respizatory diphthe-
ra were reported w the Centers for Disease Control (CDC)
{range. 2ero 1o five-cases per year). including eight cases

{re) in persons <25 years of age and thres fatal cascs (1 1%).
The suswained low incidence of diphtheria and the high levels
of childhood vaccinationp in recent decades have led the
Inited Statzs w esmblish the goal of diphthetiz elimination
gmong persons 523 vears of age by the year 2000 [1].

Ir spite of the extremely low rsk of indigenously acquired
fiphtheria in the United States and other ingustralized
dountries. importation of the organism from developing
fountrics where diphiheria remains cndemic poses a con-
stant threat. paricularty among subgroups of individuals
wilh Jow vacuinaten levels [2-8). Although zppropriate
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managemean: of diphthera requires prompt recognition,
treatment, and control measures 10 prevent secondary cases,

few health-care providers in the United States are familiar

with the disease. We report the first case of respiratory diph-
theria in Dade County. Florida. since 1969 [9]: describe the
ensuing epidemiclogical investigation: and review guidelines
for case management, contact traciag, and preventive mea-
Sures.

Methods
Case Investigation and Contact Tracing

After notification by hospital staff, the Dade County Pub-
lic Health Unit initiated an investigation of a presumed case
of diphtheria in which the patient, a 25-month-old boy. died.
Clinical information was obtained by a retrospective review
of medical records and by interviews with the child’s family,
Atuempts were made o dentify all close contacts who were
exposed to the case-patient during his illness or within the
previous week, when secondary transmission could have o¢-
curred. In addition, to determine the source of infecuon, at-
tempts were made o identify any close contacrs who had
waveted 10 a diphtheria-endemic area within several months
before the case-patient’s iliness. Close contacts were defined
as household members and gther persons who had intimate
contact with the child {e.g.. relatives and friends) as well as
hospital staff direcilv exposed to his respiratory secrenions.
Hospital contacts were enumerated by infection control
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staff, Information on other close conwacs was obtained
through family interviews. After initial #isits to the homes of
close contacts to screen for signs and symptoms of diphtheria
and to implement preventive measures. identified close con-
tacts were monitored for at least | week by home visits, tele
phone contacts. and clinie visits.

Laboratory Procedures

During the first 2 weeks of the investigation, 'pharyngeal
swabs obtained for culture of Corynebacteriun diphtheriae
were inoculated directly onto tellurite agar and Tinsdale's
medium at the hospizal's labortory. Thereafter, swabs were
wransponed on Pal slants 1o the Florda Department of
Health and Rehabilitative Services Laboratory in Jackson-
ville. where they were inoculated onto tellurite agar, Tins-
dale's medium, blood agar. and chocolate agar. All isolates
suspected to be C. diphrheriae were biochemically character-
ized and tesied for toxigenicity by the method of Elek [10] at
the CTHCs diphtheria reference laboratory,

Serological Survey for Aptibodies to Diphtheria Toxin

Sera from a sample of children <15 years of age who had
becn randomly selected for a survey of human immunodefi-
cieney virus {HIV) seroprevalence [11] and who wert found
to be seronegative for HIV were tesied for antibodies to diph-
theria 1oxin by woxin neutralization in VERO cells [12] at 5t
Christopher’s Children’s Hospital in Philadelphia. These
children had received care ar some point during the peniod
from January through August 1990 at 2 conununiry medical
center that predominantdy sarves indigent patients in Dade
Counry and had had blood submirted to the chemistry labora-
tory. For each child. information on raee and age group («5
ot 5—14 vears). but not on vacsination history. was available.

Case Report
Summary of the Case

On 13 January 1990, a previously healthy. 25-month-old,
unimmunized boy with a 3-day history of cough and fever
presented to the pediatric emergency department at 2 com-
munity hospital in Dade County. Florda The child was
bom in the United States of parsnts who had immigrated
from Haiti in 198 1. He did not attend day care outside of his
home and had no history of tavel or disease exposures. Al
presentation he had a temperature of 39.4°C. pharyngeal
erythema, wheezing stridor, cervieal swelling. and cervical
lymphadenopathy. A chest radiograph showed subglottic
narrowing and bilateral lung hyperinflation. Initial diagnoses
were whedzing-associzted acute respimatory infection and
croup. Despite bronchodilator therapy in the emergency de-
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partment. respiratory symptoms worsened. and on 14 Jan-
vary the boy required endotrachea] intubation. The proce-
dure was uncompiicated, and the epiglowmis appearsd
normal.

By 17 January multiple complications had developed. in-
cluding anurie renal failure. pneurnonia with pleusral effu-
sion. transient ventricular tachyeardia, and hypertrophic car-
diomyopathy (demonstrated by echocardiograpiny). On 18
January, during endotracheal tube replacement. the observa-
tion of thick gray pharyngeal and tracheal membranes that
bled upon attempted removal led 10 a presumptive diagnosis
of diphtheria. By then. the child had received cefotaxime.
iimethoprim-sulfamethoxazole, and oxacillin. After collec-
tion of 2 pharyngeal swab for culwre. treatrent with intrave-
nous penicillin was staried. Diphtheria antitoxin was ob-
rined prompily, but the child developed muitipie cardiac
dysrhythmias and died beforz it could be administered, Ton-
sillar. palamal. epiglottic, and laryngeal membranes were
noted at autopsy, Although the culture of the pharyngeal
swab obtained before the child’s death was negadve and
postmortern histopathologic sxamination did oot suggest
diphtheritic myocarditis, the diagnosis of diphtheria was con-
firmed on 8 February on the basis of a postmortem epiglouic
culture that yielded toxigenic C. diphtherige of the mitis type.

Epidemiological Investigation

Huousehold gnd other close contacts.  The child had an ex-
tended family consiszing of relatives and friends who lived in
separate houscholds but who typically ate meals wogether
and slept at one another’s homes. On 19 January health de-
partment stafl located 11 close contacts of the child, includ-
ing his parents and their seven remaining children, who lived
in a two-bedroom apariment. and an adult and 3 child from
another household. Although initially apprehensive because
of tanguage and cultural barriers, the family eventually enu-
merated |4 additional close contacts. Of these, [0 children
(10 months to 9 years of age) and two adults from a third
houszhald were located on 5 February. All 23 contacts who
were located had been exposed to the case-patient around
the time of his illness. A chiid and an adult from the third
household recently had been in Hait for 8 months and 2
wesks, respestively, and had retumned 1o Dade County -y
weeks before the case-patient’s illness. The remaining wo
contacts. ineluding 2 woman who frequently traveled 0
Haiti. could not be located. More detailed travel and expo-
sure histories for these two coniacts could not be obtained.

For 19 of the 23 contacts located. vaccinadon histories
were verified by vaccination cards or medical records. Five
children who had not yet recetved three doses of diphthena
toxoid. three adults who had not received a dose within the
previous 5 vears. and two adults and wwo children whose
vaccination histories were unknown were given a dose of
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Jiphtheria toxoid. After pharyngeal swabs were obtained for
culture. each of the contacts. regardless of vaccinauon status,
wis given antimicrobial prophylaxis with either one dose of
intramuscular benzathine peniciltin (children) or a 10-day
course of oral erythromycin {adults). Except for coryza in a
j0~-month-cld infant. all contacts remained asymptomatic,

Final culwre results. reported on 2 February, indicated
that three contacts {13%) were infected with toxigenic C
diphtheriae of the mitis type: these contacts were siblings of
the case-patient and were 2. 4. and 5 vears of age. respee-
tvely. Two of the three had previously received one dose
each of diphthena toxoid. and onc had an unknown vageina-
tion history, Follow-up cultures of pharyngeal swabs ob-
rined both | wesk and 2 weeks after receipt of penicillin
werg negative.

Hospitul conracts.  Infection control siaff enumerated 94
hospital employees who worked in areas where the case-pa-
ueni had received care. Pharyngeal culwures were ininally
recommended for thosé who may have been exposed to his
respiratory secrenons. However, because the closeness of
contact was not systematically ascertained and culture media
were not readily available. no cultures ware performed. Vac-
cination records indicated that eight (9%) of the 94 employ-
ees had maost recently received diphthena woxod within the
previous 5 years, 74 (79%) during the previous 6-10 years,
and {2 (13%) more than 18 years earlier, Of the 86 employ-
¢2s in the latter two groups, 72 were given a booster dose of
diphthera toxoid ac the employee health clinic and 14 were
iosi 1o follow-up, Of the {2 emplovees who had not received
a dose within the previous 10 years. four received erythromy-
cin prophylaxis and eight were lost to follow-up.

Neiwhborhood comiacts.  Although the family indicared
that the case-patient had had no neighberhood contacts, a
limited investigation was conducted because of uncertainty
abour the reliabdity of the interviews. On 6 February inter-
views with six other families who resided in adjacont homes
confirmed the family’s reports. Of cultures of pharyngeal
swabs vbtained from 24 persons who were at home during
these visits. none were positve for C. diphrheriae.

Contuces of curriers.  The three siblings with positive cul-
tures had ne additenal close contacts. However, a prelimi-
niry report of a suspicious result of 2 culture for £ diphthe-
rtae in their 7-vear-cld sibling led to his extlusion from
school and o further investigation. Of five teachers and 26
students with whom he had close contact. three tcachers who
had rot received diphtheria toxoid within the previous 5
vears and one student in need of the founh dose of diphthe-
ria and tetanus toxoids and pertussis vaceine (DTP) were
vaccinated a1 schoot. OF 26 contacts avaiiable for cultures,
none were infected with C. diphrherige. Final results of the
inttial culture and two follow-up culiures from the case-pa-
trcnt‘s"-'-_n:ar-old sibling were alse negative,

Investigation and Contral of Diphthena 61

Table §.  Antibodies 1o diphthena toxin in sera from a sample of
children who attended 2 community medicai center in Dade
County. Flonda. January through August §990.

Perueniage with
indicaied antibody

tevel (IL)/mlL)

Raeefethnic group.
#ge group (¥) Mo, tested =000 w0, 1"
White?

(o 103 ) 36

S5=14 73 90 73
Black! ’

0-4 1ag 78 16

=14 oo 94 Tl
Haitian

0 9 76 52

5—l4 |8 180 83
Hizspanic

04 e 78 52

514 1035 96 76
All groups

) 196 78 31

5=14 305 o2 74

* A level of <001 1U/mL is generally considered nenprotecnve [13],

! The upper fimit of antibody 10 diphthena wain that may permit break-
through diszase is generlly considered 1o be 0.1 [U/mL [13],

¥ Hispanics are excluded.

¥ Hispanics and Haitians are excluded.

Serological Survey

Levels of serum antibodies to diphthena toxin were mea-
sured in 701 children. Of 396 children «3 years ofage, 22%
lacked protective immunity to diphtheria tozin (anubody
tevel, <0.01 TU/mL)[13] (table !). Whereas this proportion
varied littie by racialfethnic group. & higher proportion of
children 5—14 years of ag= had protective levels of diphtheria
antitoxin (table 1).

Driscussion

In the United States and other industrialized countries.
improved controt of diphtheria during the past 30 years and
its near elimination in recent decades reflect the remarkable
success of childhood vaccination programs. Mot only does
immunization against diphtheria confer individual protec-
tion; vaceinaton of #70% of a population may also provide
herd immunity [14, 15]. In addition, a5 described by Pappen-
heimer, widespread immunization with diphtheda toxoid
may lead to the elimination of circulating oxigenic strains of
C. diphtheriae [2]. Diphtheria toxin is not an essential pro-
1¢in for the bacteriophage that cames its structural gene or
for the bacterium itsetf [2). However, in unimmunized popu-
lations. toxigenic strains may have a seiective advantage over
nonioxigenic struns because diphthena toxin causes local
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tissue destruction at the site of membrane formation. which.
in turn, promotes multiplication and transmission of the bac-
terium [2. 16, 17} This selective advanmu: of toxigenic
strains is not expected in populations with high levels of im-
muniry against diphtheria toxin. Pappenheimer's view is sup-
ported by population data on diphthenial immunity apd
carriage af C. Jiphtherige in Romania from 1958 through
1972 [2] as well as by daw from carringe surveys in other
highly vaccinated communities [3, 7. 18-23] (abie 2). Al-
though the prevalence of circulating toxigenic O dipfitheriae
in the United States is not known. only 13 (25%) of 52 iso-
lates subnmuitied 10 the CDC s diphtheria reference laboratory
from 1981 through 1990 were toxigenic: the corresponding
fipure was 1,043 (56%) for 1.876 isolates submiuted from
1971 through 1980 (Robert Weaver, personal communica-
tion ).

In spite of what is apparently an extremely low nsk of
indigenously acquired diphtheria in the United States, evi
dence exists for subgroups of susceptible individuals. Recent
surveys in 16 states and nine cities sugzest that only 40%
60 of 2-vear-old children. including approximately one-
third of those living in Miami. have recerved all of the rou-
tinely recommended childhood vaccines [35-37], Low levels
of preschool vaccination are also reficcted in our serological
surveyv, in which more than 20% of preschool-aged children
tacked immunity to diphtheria toxin. Moreover. our results
likely undercstimate community levels of suscepiibility to
diphtheria among preschool-aped children because those
without access 10 medical care were not assessed. The higher
level of protettive immunity among children 5-14 vears of
age reflecs stawe laws requiring vaceination before school
¢ntry. In other recent scrologial surveys, 20% 1o =503 of
selecied adolescents and adults lacked immunity 1o diphthe-
ra 1oxin [3%-42), with pamicularly low levels among the el
derly, possibly due to lack of natora| exposurs during the
vaccine era, low rates of vaccination, and/or waning vaccine-
induced immunity [39].

As wag Jdemonstrated by diphtheria outbreaks in Sweden
and Denmark in the 1980z [13, 43], epidemics may octur in
unvactinated populaiion subgroups despite widespread
childhood vaceination. As has been mentonsd. impornaton
of toxigenic C, diphtheriae from developing countries where
diphtheria remains endemic poses a constant threar and has
accounted for most cases of diphtheria in recent yars in
indusirialized countries [1. 6-8. 20]. Although the sowrce of
infecrion was net documented in our investigation. the his-
tory of trave! o Haiti amaong oontacts of the case-patient and
the absence of reported diphtheria in Dade Counry for more
than 10 vears suppest imponation as a possibility, Pecause
carriage of (. diphtherize by untreated, asymptomatic per-
sons lasts an average of 10 days [44. 45). sornc contacts may
have had infections that cleared by the time pharvogeal
swabs were vbtained for culture. Furthermore. nou all con-
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tacts were located: those who could not be found included
one woman who frequently traveled w Haiti. Swudics of the
molecular biclogy of diphtheriz sugeest thar conversion of
nomoxigenic C. Jiparherige 10 2 toxin-producing sirain by
lysozenic (rznsfer of the gene eoding for tozigenicity could
have ocecurred [4], but no nentoxigenic siraing were recov-
ered from contacts.

Recommendations for Prevention and Control
of Diphtheria

The need for rapid clinieal and public health responses 1o
diphtheria. 2 potensially fatal but rare disease. prompred us
to review the recommendations and underlving mrionale for
the management of ¢ases. the investigation of contacts. and
the institution of preventve measures. On the basis of our
review. we developed an algorithm to guide management
and investigation of diphtheria (figure 1) should suspecied or
proven cases oceur in the future.

Clinical Disgnosii

Because respiratory diphtheria may progress rapidly, a
high index of suspicion needs 10 be maintained Classical
respiratory diphtheria is chamcterized by insidious onset,
membrancus pharyngitis with fever, enlarged anterior cervi-
cal lymph nodes, and edemaz of surrounding soft tissue.
which gives rise o a “bull neck™ appearance {14. 16. 47].
Although not zlways present, the membrane is typically
gray. thick. fibrinous, and firmly adherent Laryngeal diph-
therja is characterized by gradually imcreasing hoarseness
and stridor and most commonly occurs as an extension of
pharyngeal involvement in children [14, 47).

Laboratory Dizsgnosis

Because the successiil isolation of C. diphtheriar depends
on rapid inocularion of special culture media. the laboratory
should be notificd as soon as the dizgnosis is suspected’ With
routinely available throat or nasopharyngesl swabs. samples
preferably should be obtined from the membrane (if pres-
ent) or from beneath its edge. Although nasal diphthenia in
the absence of pharyngeal involvement is uncommon. cul-
wring of both nasal and pharyngeal secretions may improve
the rate of isolation of C. diphtherige [5. 51, 51} Methods for
the bacteriologic diagnosis of diphtheria have been described
in detail elsewhere [53-553, In briefl a confirmaiory diagne-
sis may take several days and requires culture and isolation of
the organism. biochemical typing, and toxigenicity testing.
In somc instanees. a- presumprive diagnosis may be made
within =24 hours on the basis of cellular morphology on a
methylene bluc—stained smear of growth obtained after incu-
bation on Loetfier or Pai medium [54. 55]. However, micro-
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Table 2. Results of sebected surveys of camiers of terigenic C. diphtheriae, by serting and )'n:nr.

Ma. of carmers/no.

Mo.of  of persons culwred
Serting. veans) Location [refercnce] s (crrizee rate. T} Comments
Huusehold

1986 Stockhotm. Sweden [24] 5 O/MA*(. . ) Swabs from housshold and other close coniacts were
cuitared.

983 Manchetter. United Kingdom [§) ] [ T

19751982 Onurig, Canada [25) 1% /39 (5) R

tY70 London, United Kingdem {16] ! 1/4 {25) The case-patient had a mild, recurrent sore throad for
=1y

[9ER-1970 Chiengo. Hllingis [27) M 713 (10} Information on wxigenicity of soiates among camers
was pot availsbie.

1569 Dade County, Flonda [5) 11 2IJBI(LTY

Sehool

1985 Onaarip. Canada [8) | OMA L . D Swabs from classmates and eachers of the case
patent were cultured.

19ES tianchester, United Kingdom 6] 2 /132 (6} C.

1980 Athens. Greeoe [19] 0 7895 (. . ) Swabs from 2 random sample of children in selected
primary schools were cultured.

1975 Birmingharn, United Kingdom [2E] 5 051 R

1970 Athens, Greeee [18] 4] O/B18(. . ) Swabs from a random sample of children in selected
primary schools were culoitsed,

1970 Eigin. Texas [29) 15 B9/291 {31)

Huospital

19841983 .Goieborg. Sweden [271 12 D328 (. . .) Swabs from hospital employees who cared for
diphtheria patients were cultured,

1945 Manchester. United Kingdom [6] t oAl . ) Swabs from hospial employees who cared for the
case=panen: were cultured.

1982 Milwankes Wisconsin [30] 1 OMHA (. . ) Swabs from hospital empioyees who cared for the
case=pauent were cultured.

1982 Westminster. United Kingdom [7) 1 O/BI(. . ) Swab: from hospital contacts of the case-patient angd
of two hospitatized carmiers wers cutiured.

1981 Onuario, Canada {31} [ OMMHA L . ) Swabs fmm 66 persons. including unspecified
numbers of hospital emptoyees. pauents. and

] houschoid contacts, were cultured,
1973 Birmingharn, Unied Kingdom [28] 5 017(. . ) Swabs from nine patients and eight hospatal
employess were culiured.
Mental tnstetution
372 Pontvpool. United Kingdom [12} 1 I6/824 (4) Of 483 patients and 34| empioyees, 34 (7%) and 1
‘ (0.6%). respectively, were infected.

1957 Linned Kingdom [13] 3 29/MA (NA) Of an unspecificd number of employees and 161

pruents, 0and 29 (1 8%). respecuvely, were infected.
Commanny

1984 982 Gicborg, Sweden [22) 12 OMNA L L) More than | 7.000 swabs for eulturr were obidinad
from an unsperified number of persons.

19y Wesiminster. United Kingdom [7} 2 5/MA (MA) More than 4.000 swabs for culiure were obtained
from an unspecified number of persons. Five
infecicd persons were identified, alt of whom had
had direct tontact with a rase-patenc

1981 Hodeida. Yemen Amab Republic [34) 14% 093 (. . ) Swabs from children with no known exposure 10
diphihetia who visiied an ourpatien: clinic were

‘ cultured,

1980 Manchester, United Kingdom [21) | 34724000 (0.1) -

{371 Manchesier. United K_ingdom 15] g 28/=13.000 (=) Swabs for culture were pbtained from household and
sehool conwects and from persons with no
documented exposure 1o a tase-patient. Most
carmiers were school contacts.

£ 4izbama [23] 0 3/7.600 (=0.1) Pharvngeal culwres for suspecied sireprococeal

infections were screened for C diphtherae.

* o imdicates thar Jam are o as 3Eabic,
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« imstituts strict isolation -

. » Notify laboratory and obtain cultures for C, diphtherias!
éﬁm?pmfﬁa - L_"'*" + Obtain serum for antibodies to dipitheria toxin
P + Conslider treatment with diphtheria antitoxin®
* Begin antimicrobial mmpy'w diphthert
* Provide active Immunization a
"Notﬂ‘y heaith departmaertt toxoid during convalescenca’
‘Tdenﬂfy close contacts® ——1 None = Stop

l [ t \ I
Azsesa and monitor for Obtzin cuihires Administer Assess dphtheria toxoid

of for C, diphtherise’ artimicroblal vacciraton siatus
&m‘m mmﬂaw- |

7 cey [ 2 l
<3 dones *3dcses,| |23 doses,
OF LNKTIOWT! kst dose Iast dose
>3 years <5 years

ago ago

* Avold close contact with Imadequstsly i I

vaccinated persons rinisd ]” inistér  Chi m,m -
» Identtly close contacts and proceed iImmeciste mmeciats  need of their
with praventive measures described . gﬂﬂ of buoﬂgfr mary dose or
for closs cortacts of 2 case | Pwl d"“ nndh dml thert Shouid bnm"
- Repeat cuthures a minimum of two weoks compiste toxoid vaccinated;
aftsr completion of antimicrobials to m n?gﬂ ‘ vncﬂmmﬂc: -
iz -
SEsUre emdlﬂﬂm.-l of the organkam scheduie mot required

Figure 1. Respimtory diphtheria: recommendations for case management and investigation of close conters. “Mainain isolation unil
climination of the arganisn is demonstrated by negative cuitirss of two ssmpies obtained at lezst 24 hours apant afier compiction ol
antimicrotial therapy {46]. "Both naml and pharyngsal swabs shold be obtined for culwre. “Equine diphtheria antitoxin can be obained
from cither the Division of Immunzation. Centers for Disaase Control. Atlanta {telephone 404-639-2888). or Connaught Laborawrics.
Swiftwater. PA. Before its adeinistration. paticnts should be tested for sonsitivity to horse serum and. if necassary. descnsitized. The
recommended Josage and route of administration depend on the ez and duration of disease. Dewiled recommendations can be
vbtained from the package insert and other publicitions [ 14, 46—48). 'Antimictobial therapy is not 2 substituic for antitoxin tranment.
ntramuscular procaine periciilin G (25,000 o 30,000 units/Tkg - d] for children and 1.2 million units/d for adnits. in two divided doses) or
parenteral crythromycin (40-50 mg/Tkg+d]. with 2 maximum of 2 g/d) has beon recommended [46, 49] umiil the patient can swallow
comtorabiy, at which point oral ervibromycin in four divided doses [46, 49] or oral penidilin V {125-250 mg four times daily) [45] may be
substituted for 3 mcommended towl wrearment period of 14 days {46, 49]. *Vactination is required because clinical diphthera does not
necessarily confer immunity. “Close contaces inciude househoid members and other persons with 2 history of dircet contact with 2
ulse-patient (e.g. carctakers. rolatives, or friends who regulady visit the home) as well as medical staff exposed to oral or respiratory
sevretions of a casc-paticnt ™A single doss of intamuscular benzathine pemicilin G (600.000 units for persons <6 years of age and [.2
million units for persons 6 years of age) or a 7- 10 10~day coursc of gral crythromycin (40 mg/[kz - d] for children and ! g/d for adukis) has
hewn recommended [46. 50]. *Preventive measures may be sxrended o close contacts of cutiers but should be considered 2 lower pronty
than vonuol messures for contacts of 2 case. “Pemons who continue o harbor the organism after tratment with cither penicillin or
ervthromyein should receive an additionai | O-lay courss of aral erythromycin and should submit sampics for follow-up culmures [46. =0].
“Refer to pubiished recommendations for the schedule for routine administration of DTF [46, 50}, '
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scopic examination of direct-stained or fluorescent anu-
body—stained smears is generally considered unreliable [46.
53. 54, 56, 37).

Although not a widely available test. the measurement of
anatibodies 1o diphtheria toxin in serem coliecied before ad-
ministration of anutoxin may support the diagnesis if the
level is nonprotective (=0.01 1U/mL) [50]): This information
mayv be particularly useful when a patient’s cultures are nega-
tive as a result of prior antimicrobial therapy or for other

reasons. o

Mlanagement

Patignts with suspected respiratory diphtheria should be
placed in sinct isolation and treated on clinical grounds: ther-
apv should not be delayed until bacteriologic confirmation is
available [14. 46, 48, 50]. Diphthera antitoxin—hyperim-
rrune antiserum produced in horses—is the mainstay of ther-
apv. Because aniitoxin-neutralizes only circulating toxin that
is not yet bound to tssue. prompt administralion is critical,
Although not a substitute for antitoxin, penicillin or erythro-
mycin should also be administered so that the organism will
be eradicaled. toxin production terminated. and the likeli-
hood of ransmission decreased [14, 46, 47, 49].

Clinical attendon should be directed to signs of airway
obstruction, acute systemi¢ ioxicity, and wsin-mediated
myoearditis and neuritis {14, 58, 39). Myocarditis may pres-
ent acutely, with congestive heart failure and circulatory col-
lapse. or more insidiously, with progressive dyspnea, weak-
ness, dimintshed heart sounds, and gallop thythm [14, 47].
Electrocardiographic abnormalities, such as T-wave dlter-
auons and firsi-degree heart block, may occur in the absence
of clinical signs {47, 59] and progress to severe block. atnio-
ventrietlar dissociation, and other potentially faral arrhyth-
mias [58. 39].

Neurologieal complications consist primarily of motor loss
involving cranial or penipheral nerves {14, 47). Palatal and
pharvngeal paralysis may oceuracutely. Oculomotor and cili-
arv paralysis and, most commonly, lower-exiremity periph-
eral nevriis mav manifest 2-8 weeks after the onset of ill-
ness. Drvsfuncuon varies from mild weakness to tou)
paralvsis and aimast always reselves completely.

Mechanical airway obsiruction and myocardits account
for most diphthena-related deaths. The case-fatajity rate for
respiratory diphtheria has been nearly 10% in the United
States in recent decades [60, 61 and was 18% {3/17} in the
recant Swedish outbreak [43].

Identification of Secondary Cases and Carriers

Whenever the diagnosis of diphthenz is strongly sus-
pected. local public-health officials should be notified, and
msasures to prevent addivenal clses should be instituted
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promptly. Infection with C, diphtheriae may resalt in asymp-
iomatic carmiage or disease of varying seventy [14. 17], In
view of the short incubation peried of diphtheria (1-6 days)
and the delays encountered in bactericlogic diagnosis, the
primary means of detecting cases 1% to monitor close contacts
daily for at jeast 7 days [46, 48, 50]. Asymptomatic carmiers
should also be identified because they may transmit the or-
ganism [13. 26, 29, 51, 62]. In addiuon. finding 2 carmier
among close contacts may support the diagnosis of diphthe-
ria in the absence of bactenclogic confirmation. Although
diphtheria toxoid protects against clinical diphtheria and
complications. it has not been associated with the prevention
of either infection or carriage [14, 17.23. 29, 63, 64}, Thus.
in the search for cases and ¢arners, nasal and pharyngeal
swabs should be obiained from all close contacts, regardiess
of vaceination status [46. 48, 50].

Because the risk of infection is directly refated to the close-
ness and the duration of contact and the intensity of expo-
sure [[4-16. 65, 66], the search for infected contacts should
usually begin in the casc-patient’s houschoid and be limited
to settings in which inumate respimiory or physical contact
with the case-patient may have occurred {46, 50). Reported
raies of carriage of toxigenic £, diphiheriae among household
contacts of case-patients have ranged from 0 10 25% [6. 9.
24=27] (table 2): the carniage rate was {3% in our investiga-
tiont. This vaniation may be due to differences in intensitv of
exposure, antimicrobial use. uming of ¢ulturss, and labora-
tory techniques. Whereas spread of diphthera has been re-
ported in institutions for mentally handicapped persons [32.
33]. wansmission in modern hospitels in the United Staras
and other developed countries was not demonstrated in stud-
ies we reviewed [6. 7, 22, 28, 30, 31] (table 2). Investigation
of casual contacts and of persons in the community without
known exposurt to diphthena has gemerally yielded ex-
wremely bow figures for carrage rates [5. 7. 21-23, 34] (table
2} and is not routinely recommended,

Antimicrobial Treatment for Contacts

A single dose of intramuscular penicillin ora 7- 1o 10-day
course of oral erythromycin is recommended for all persons
exposed to diphthera. regardiess of vaceination siatus, as
soon as samples are obtained for culture [46, 30]. Whereas
the efficacy of postexposure antimicrobial prophylaxis in
preventing diphtheria is presumed but not proven. each of
these drugs has been showa (0 eradicate O dipitiheriae from
the respiratory traci of carmars {3, 21, 33, 64, £7-69]. Al-
though available data suggest that erythromycin may be
more effective [68. 69]. intramuseular penicillin should be
used if the patient’s compliance s in doubt, Because nenher
regimen is 100% effective (67, 69] and bacteriologic relapse
is possible [64], specimens from carmers should be cultured a
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minimum of 2 weeks after the completion of thempy 10 en-
surc that the organism has been eradicaied 164, 70},

Vaccination of Contacts

The vaccination siarus of all persons exposed o diphtheria
should be assessed. and diphtheria toxoid should be adminis-
tered according 10 the algorithm shown in figure [ The rapid
increase in diphtheria antitoxin expecied with booster immu-
nization {71, 72] is theoretically proceciive against the effects
of diphtheria toxin,

Contacts of Carriers

On the basis of histonecal studies of diphtheria transmis-
sion. Doull and Lara estimated that the risk of devetoping
diphtheria is sevenfold higher aRer household exposure to an
individual with clinical diphtheria than after housshold ex-
posure 10 3 carrier (2.1% and 0.3%. respectively) [62]. Lol
destruction of tissue at the site of membrane formation in
clinica) diphtheria is thought 10 promote bacterial muitipli-
cation, which, in turn. enhances transmission [16. [7]. Thus.
close contacts of persons with clinical diphtheria must be
assignied the highest priority for preventive measures. Con-
tacts of carriers should be given secondary priority. More-
over, prompt administration of antimicrobial prophytaxis to
all persons exposed w diphtheria should reduce the likali-
hood of tansmission by camiers. The benefits of excluding
carriers from school ar work may be minimal if their identifi-
cation is delayed.

Rovtine Community-Wide YVaccination

The most important measure for preventing diphtheriz is
an ongoing community-wide program of active immuniza-
tion that emphasizes on-time vaceination of children and
booster immunization of adults, After completon of & pri-
mary series of diphtheria toxoid injections. all persons
should receive a booster dose every 10 years [46. 50). Com-
- oo - ' T P t

C1D 1993:14 {January

community are needed 1o prevent further morbidity and mor-
wlity due to diphtheria, In view of the continned occurrence
of diphtheriz in developing countrics and the frequency of
international irave! in the current ¢fa. such measures will be
necessary if the United States is 1o achieve its goal of eliminas-
ing diphtheria among persons €25 years of age by the vear
2000. The ultimaie goai will be to eliminate this disease
among persons of all ages.
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DIPHTHERIA CARRIERS*
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"While carriers of diphtheria bacilli have been objects
,y;pf ‘study for many years, so tmuch interest attaches to
em as potential spreaders of infection that it may be
mﬁtablt to add the resulrs of several years' experience
ith such cases in a hospital for contagious diseases. A
tudy of the mamner and speed with which the bacilli
“disappear from the mose and throat after diphtheria
#hrows some light on the origm of carriers, and fur-
‘nishes a standard by which to estimate the vatue of
“measires dirccted toward the elimination and destruc-
,on of the bacilli. A study of the persops in whom,
" the bacilli persist may lead to the detection of under-
lying conditions which are responsible for the carmier
state and so aliow efforts:toward their correction to
be made along intelligent lines.

For these purposes I have tabulated 500 consecutive
cases of diphtheria which were treated in Durang Hos-
pital between Febroary, 1918, and September, 1920,
Patients with laryngeal d:pht‘hena and those who died

carly. gre excluded. The series includes fifteen cases
in which operative measures were employed In petting

ridoh the baeili. The frequency with which ‘two
negative cultures are followed 4y ‘positive ones eariy
ded uslto adopt fhree consecutive negative cultures taken
at irtervals of from one to three days from both nose
.and throat as'a standard for release FHartiey and
‘Martm * hive estimated that the average stay in hos-

- pital .of _patients with diphtheria released on one nega-

- tive culture would be twenty-one days; on two negative
“eultures, thirty-four days; and on three negative cnl-
tures, fm'ty -five days. In this discussion cases are con-
sidered as having been negative on the day when the
first 'of three successive negative cultures was secured,
‘If more than one day intervened betwesn the last pos-
ive arid the first of three negative caltures, the day of
sthe ArSt negative culture has been piaced m:dway
betivesn the two.

It will be noted (Table 1) that after the ﬁrst week,
approximately half of the cases that began any week as

. positive became negative during the following seven
days. Three weeks after the onset, 712 per cent. of the
tases had become negative. At the end of four wesks,
232 per cent. were free of badlli; and after seven
weeks, less than ] per cent, yu:lded positive cuitures.
In only 2 single instance were cultores positive after
cleven weeks,

4:
£

* From bt Jobn MeCormick Inxtitute for Infectious Disezses,
1. Hartiey and Mardn:
Mgd. TE: 277, 1950,

Rey. Sop, Mcd., Sce, Epid, and State

Proc.

The outcome in the fifteen persons who were
operated on If there had been no operation cannot be
predicted. Of the 500 patients, eighty-four, or 168
per cent., became carriers, that is, gave positive culturcs ‘
after twe_nty-ejght days. s

The number of cpses that were posmvc ‘at- ﬁve ﬁday’ L,'
intervals is graphically shown in the ateompanying
chart. Hartley and Martin® have pointed “out that’?
diphtheria bacilli disappear from the throat- with-sueh:’
regulariry that the rate may be expressed by 2 .ma.th—.‘_
ematical formula. The mate of disappearance of-thc:
bacilli in our 500 cases and in the 457 cases of Ha.rtley
and Martin 15 shown in Table 2,

Differences in the percentages in the two seres may .
depend in part on the intervals at which cultures were™
made, opportunities for reinfection and .the character i
of the material. The patients of Harﬂe_y and Marfin:
were ali young adults in 3 military camp, and the r:ul- ‘
tures were made at weekly intervals’ while ours were .
of all ages with little opportunity for reinfection] and+
the cultures were made at shorter intervals, The grtater_
rapidity with which our cases beczme negative may"
perhaps be partly due to the constant efforts pat forth’
to remove local conditions favoring the persistence” of™
the bacilli. In both series the decrease of posiive cases
octurred with considerable regularty, - After five- d.a.ys
from the ouset, of each 100 cases which are PGSIU.VQH.‘&-
any time, five or six may be expected to bccc:meim.:.ga L
tive within twenty:four hoirs, s o

During 1913 to 1920, ffty-two patu.mfs {ntere zu
Durand Hospital as carrers and were -obsérvind i ﬁfr-
free from bacilli with'no operative inferferdrcei: =
these, 558 per cent, were Iree of bacll’ \aftarﬂ
wesls, and 80.8 per cent, after four weels,: The
of disappearance of the badli did not show gy

guiarity as was observed in the series foliowing
thena (Table 3). - Of the ffry-two pancnts*mne:emm
had been in contact with diphtheria, and 'rwt:lvu:-Jgifs.:\\:-.-':75"'g
histories 0f recent sore throat. The hacilli werc ]om"‘a,..:
in the nose in nine, in two of which there was a%'4)
ciated foreign body in one nostril. o
In ten of the fifty-two patients the bamlh permstga.v

"longer than four weeks. In four of these, cultiires: wé-'“é'!f

obtained from the pharynx only, in one from the nc:sr_
alone, and in four from both pharynx and nose Thes
persistent pharyngeal cultures were assnmated wx'fh_
abnormal tonsils, usually enlarged, with deep crypts. and,m
roughened surface. In the nasal tases thers wers r,;hs-
charges associated with ealarged adc:nmds and thrugt_ga
rhinitis, usually secondary to acgessory &inus -dis€ases
Cu]turr_s from six of these patients were -tested ; Fott
virulence, and 2 single one was nonvirulent. * Theambit!
persistent carrier of this group was a baby of 4 monthi®
with a nasal discharge. He was very eachetic; ‘har] 'afx
e

A




832 DirFMTHER
negative Schick test constantly, and ibe cultures were
virulent for guinca-pigs for eleven months, the last
test preceding their final disappearance a few days.
Arother patient was & boy of 6 years, from one of
whose nostrils virulent diphtheria bacilli had been cul-
tivated for more than two months., When a solution
of epinephrin was sprayed into the nostril, preliminary
to further examination, a cherry pit dropped out. Two
days iater the cultures became negative. One adult who
had been a constant carrier of virulent bacilli for five
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The part of 500 cases of diphbibcria which gave positive coltures at
the end af five day peviods.

wesks and refused fonsillectomy developed an acute ton-
sillitis, during which the bacilli disappeared. In other
instances we have observed a disappearance of d:ph—
theria bacilli during an acute tonsilliis. It seems quite
reasonable that acute swelling with passage into the
tonsils of abunmdant bleed and escape of active leuko-
cytes and opsonin might be followed by destruction of
the bacilli. In a similar manner we may explain some
favorable results reported to follow hyperemia produced
. by local applications of agents of an irrimtng nature.
' Two additional patients entered the hospitz! as carriers
with no history of recent illness. They became fres
“of bacilli one and ught days, respeczively, after torsil-
Iectﬂmy :
~As isthe rase with many bacteriz, the largest factor
An the removal of diphtheria bacilli from the body
__appea.rs to be destruction by lemkocytes. 'An essential
factm‘ in this process of phagocytosis is suitable opso-
oin, 'iPmeChff bas shown that, in the course of diph-
"theria, 1mmuue opsonins for d]ph'r.hena bacilli appear
.in the blood in considerable amount. They may be

detected on the fourth or fifth day of the disease, and

they remain at their height unti] about the tenth to the
fifteenth | day and then gradually decremse, reaching
normmi about the mineteenth or rwentieth dzy. The
‘period. during which the amount of opsomin in the
blood is greatest corresponds to the time when the
Iargest number of persons with diphtheria become free
-of badlli. Of the 500 cases wmbulated herewith, more
th:m 70 per cent, got rid of their ‘baclli WIthm three
weeks from the onset.

In diphtheria carriers also Tunmicliff* found. the
phagoeytic power of the blood for diphtheria bacili
mereased. In spite of this, badili may persist in the
throat and nose; This seems usually dependent on local
conditions which interfere with suitable contact of the
specific’ destructive agents and the bacilii.

Infeer Ths. S: 14, 1908,
Infees. Dis. 19197 (July) 1914
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"which dlphﬂ'.\l".ﬂa bacrll: p:rmsbm"ﬂw

LN -

CARBIIRS—IVLAVLR m:w..\m:gﬁ;é;
(Gelies, Mass and Guihric * attempted by direct 1n‘h‘o—-

ductian of large numbers of dlphrherm barilli xqto Lhé,
nasal paasﬂgES to produce carriers in cats, gmn:aﬂmgs
and rabbits. The bacilli rapidly d:aappc:a::d,“‘-hnd
nothing corresponding to carriers as seen’in man,
observed, p J"'"'L-'{A‘ﬁ
These local conditions may re.sult from secondary
infections with abrasions and ulcerations of the mmebis
membranes and inflammations of accessory simmes'with
imperfect drainage, and from mechanical mju.ryﬁby
foreign bodies with associated infections. .In.
carviers, Brown® found diphtheria bacili -iniiestsin
areas where the suriace epithelium of the, tuns:l}m,
necrotic.  Keefer, Friedberg and Aronion *7gemon”
strated diphtheria bacilli in the subromrosz of'a'funsﬂ
from the surface of which a pure cuoltore had been
previously obtained. Hartley and Martin ! ‘mw diph-
theriz bacill in sections of tonsils deep in. the.crypts
but not invading the tssues. In one of, Ot m&s.-thﬂz
was an ulceration of the mucous mc:mhraﬁ':e.’qof t':m. T
binated body in the nostr] from which chphﬂ'x
were consantly cultivated. Loal treetient: a{i‘ftﬂm
ulcer was promptly followed by dmnppcsmmﬂ“thc-
bacilli, Ino two cases persisteat positive! mltuzm..
one nostril were promptly termizated by the re POV
foreign bodies from thc nose; N one I shc&bmfm&
the other a chm;g) In a search! fnr'ﬁpirthcrm
carTiers among institutioml chidren’”
found five children, with shoe buttbﬂ;‘fm‘ the | 1ose,
who were carriers, o

:w:g:hw:i.fﬁer
removal of the buttons. Bloomfield # attempted to° pro-
duce human éarriers of Friedlinder'sibadiing: by
artificial inoculaden, but failed. He. mncludﬁ .ﬁ:m:r
his study hat the carmier state depends. onJavfocms.of
diseased ussue which affords, a bresding plice’ fordh
bacteria. When we cons:d:r the m:u:::sm‘im: “TindeT

TAELE L —RATE OF nzsupmw N

BACILLI BY WEEKS FROM THE NOSE. ARDT)

OF FIVE HUNDRED .7 “.gn:xg
DIPETHERIASLE ..,,?.’: kit

—-\.,’Hﬂ.t,mg

g T 3 Ay 1 0
@ eS| L EEsEp
- - - B

. (=i ...dna.;- . 'Eﬁ(:='.
& LEEE Faphai
: LA o A
: wil % '
iz Dom e

- REETS
B g

1

3

.3

2

5

$

7

3

$

10

i

" Pativats operated on are dednrred Frnm tbnq,-_
the week doring which they e o, operatamy,

it is not surprising that of all the loml;‘ :
gargles, etc., none/has proved: of. .

sistent carriers. They seem. to,pg_ugcfﬂ
remove secretions-and: cxuﬂaﬁ:s’ 'c_b :

4. Gelien,

Moss .ud- G_gthﬂ;; _:aun;_-,‘]_'

357 e -
7. Rabineff, Sophu: The Pmblm i, Dmhthfm:. E:.rnq_-l. "
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8. Dloomherd: Duil. Johns Heépiins Hosp. T2: w aquia




Enf underlving Jocal condiions. The administra-
f diphthéria gntitoxin has been of no advantage,

ractically all carriers have considerable antitoxin .

£blood.
E& . 2.— RATE OF DISAPPEARANCE OF DIPHTHERIA
BACILLI IN FIVE DAY FPERIODS "
' MOIE AND THROAT IN FIVI WUNDRLD CONIKCWITVA GAKES or
¥ DIFETEERIA AT DURAKD HOSFITAL
e
o TE~OS Ef ENe pgETRY E Yo
fee @ g9guns 95" sefs.
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= o MEUE mow W @z AR mE
S 2 FED pESRef SBIFIE  oin.w
" FEELAA IZARSS  fraOcl Er -
a B aE o ]
5 500 47 7.4 1.9
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a0 35 (353 15 42.9 56
LI 19 {201 1o 527 10.5
50 . 9 4 444 5.9
] 4 {581} ] 25.0 5.0
Bl - 1 33. &7
‘65 - 2 o oo -
7o ' 2z 1 £4.0 10.0
01— ) paan

FROM THROAT IN FOUX REUNDREID AKD FIFTY-SEYEN CAS#S oOF
' PIFETHERIA EIMOETEDL &Y HAXTLEY AND MAETIN
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50 52 11 Z1.5 4.3

¢ loca) usé of antitoxic serum and of serum pro-

teced by Ithrounizing with the bacterial bodies has not
cen followed by any. satisfactory results. Vaccines
ave not been of agty certain valve, and this was to be
pected, &s cartiers usuzlly have an abundant supply
-apsoning and their-blood leukocytes are active.
sOur-efforts to dean up carriers are now confined to
siéhmeasiires as 2id in removing local conditions that
favor the Tetention of the bacilli. Washes are employed
g:f:re:‘nmfe secrerions: and discharges, ' Measures' are
Jused to facilitate drainage from the accessory sinnses
,ia.nd__ the ‘mostrils.  Irritating zolotions are especially
ivoided. ' When the bacilli persist after such treatment,
i pegt}_vc procedures are instituted if the lowalization
f the.baglli is such that any benefit can be expected,
e operations performed have been tonsillectomy and,
vhen the adenotds are eniarped, adenoidectomy. Early
isappearance of the badlh has followed the operations
‘every case.  The first case came to operation in June,
1915, - To Dec 31, 1920, forty patients had been
E@pcrated.on. I all cases the tonsils were enucleated,
E& in Ave adenoids were also removed. All of the
atients had clintcal diphtheria in the hospital, and the
‘Uperation followed from twenty-one to stventy-three
days after the onset.  After operation the badilli usually
Misappear very promptly. In many, no positive cultures
:fould be secured zfter the operation. All except four
“Were negative within a week, and only one was as iong

J DIPHTHERIA CARRIERS—WEAVER 833

as eiphteen days in becoming negative (Table 4), The
enly complication observed was a moderate secondary
hemorrhage in one case on the sixth day.

The first six in our series of operative cases were
reported by Friedberg® Shortiy afterward Ruh, Miller
and Perkans *® reported favorable results from tonsil-
lectomy and adenoidectomy in carriers. Amotg their
nineteen cases z siople one was as long as seventeen
days in becoming negative, In a large artay czmp,
Keefer, Friedberg and Aronson® emploved tomsillec-
tomy to clear up carriers. Of 294 .persons operated
on, 91.3 per eent were negative by the end of two
weeks. From other army camps favorable results from
tonsillectomy were reported. Fegler,** in 1905, reported
the removal of tonsils and adenoids to get rid of linger-

ing bacilli. 5ince this appeared only in & discussion on -

diphtheriz and not as an priginal communication, it was
apparently overlooked by American writers. Hartley
and Martin* have found that the -best ' treatment. of
carriers with large tonsils and deep crypte 15 rafdieal
enucleation of the tonsils. Friedberg pointed. out the

. fact that the tonsil harboring the bacilli meed not “be

enlarged.  We advise removal of the tonsils and
enlarged adenoids at the end of a month if the baglh
persist, or as soon afterward as the general condifon
of the patient warrants.
prolonged isolation 15 not very objectionable and in

TABLE 3. —RATE OF DISAPFEARANCE OF 'nm'HTEEm
BACILLI FROM THE TEROAT AND NOSE IN
FIFTY-TWO CARRIERS*
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TAELE 4. —EATE OF DISAPPEARANCE  OF DIPHETHERIA
BACILL! AFTER OPERATION ... *° e
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Day Afier Operztion | .

What Cultures Were Negative
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whom operative measures are less satisfactory, we ;.T:E,:;
accustomed to wait for the natvral disappearmance &7
the bacilli, making use of such local measures as seeqs-
indicated. When the bacilli persist in the ‘nose] Jocal

5. Friedberg, 5. v Rewoval of Tonsils spd Adcooids fn Diohthors

e

vh, H. O.; Miller, M. J.. and Perkini, 8. G.: Studi inle

B3P0, 7, A, M. AL B6: 941 (Mareh 25) 1916, tadies on Dipk
13, Pegicr: Bric. M, ], 2: 651, 1905, )

In smal] children, in whom'
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lesions in the nostrils, and in children foreign bodies,
are looked for.

One of the earliest efforts to determine the frequency
of diphtheria carviers among well persons was made
by a committes of the Massachusetts Association of
Boards of Health ©® in 1502, The report of the com-
mittee was based on:the results of a cooperative study
which it instituted and which was pafticipated in by
2 number of well qualified investigators. They con-
ciunded that ir wrban commumities at Jeast 1 or 2 per
cent. of well persons among the general pablic are
infected, and that when welt persons are exposed to
dxphthma as in families, schools-or institntions in
which enses of diphtheria exist, the nomber mfected is
much larger, and may range from 3-to'5 per cent
Graham-5Smith 3 reviewed the. findings of vanous
investigators as to carriers. The available data
indicated that in close contacts the proportion of car-
riers may be as high as 36.6 per cent., in hospits] wards
and mstitutions 14 per cest. agd among. scholars of
infected schools 8.7 per went T found that 152 per
cent, of the nurses in a hospital for contagions diseases
became- carriers, as detected- by hiweckly cuoltores
extemding over a period of twao yesrs.

Hacbre] and DBalley ** cultivated d;phthena. baall
from the throat and nose-of 9.86 ,per cent. of contacts,

Goldberger, Willlams and Hachtei ** in the dty of
Detroit examined 4,093 apparently healthy persons
with o history of comtact, of whom thirty-eight, or
0.928 per cent., harbored morphologlca}ly diphtheria
baallL

Cielien, Moss and Guthrie * made a cultural stndy-of
the throat in 2,507, presmmably healthy individuals
most divarse as to age, sex, rzce and sodal position in
the city of Baltimore.” D1phthcr1a bacilli were cult-
vateg: from eighty-nine, or 3.35 per cent. Later they
added the resuits of. cultures from 800 schoolchildren,
of 4vhom "aighty-five, or 10:62 per cent,, were- pc:smve
ior diphthenia bacilli.

These and other studies have ¢stablished the”fact that
d:phthe'na. bacilli,"as recognized by culfures, are pmcm
,in theithroat and noss of 2 considerable proportmn of

he.althy . persons,” “aiid in a- much larger ' proportion
i those who have been closely assoc:xatcd with' cases of .

c diphtheHa. " 7 . -
~_—-Supglcmental studzes however have det:mnned that‘

oitly’ 2 $mall part'of the bacilli from noncemtacts are’

Virmfent add a sourde of ‘dinger to other petSods. Of
the strains from nonconfacts or “healthy”™ carriers, the
pmpnmon of virulent ones as determined by the com<

‘mittee of the Massachusetts Association of Boards of
‘Health ** was about 17 per cent ; by Goldberger, Wil--

lams and Hachtel,'* 10,5 per cent., and by Gelien,

‘Moss and Guthries frofm 10.9 to 18.1 per cent. These .

results Appear to show that the proportion of individ-
uals who haye not kmowingly been in contact with
) -d:phthena but who are. carriers of virulent diphtheria
‘bacilli varies. from. about 1 in 75 to 1 in 1030 There
appcars to be considerable varjation in different com-

. murdties, and the higher propotion occurs among ¢hil-.

. dren of school age. Such a propartion of unsuspected
" cartiers of virulent ‘bacilli; scattered among the people

of  cities,, effcr:. a ready explanatiom of the endemic

RN J‘ Mauschuserts Asse. of Boards of Health, 190Z, p. 1202
i 1.3 Kuttall and Grabam.Smith: Haetericlogr of Diphtheria, 1908, p.

157, .

14. Wn‘-q:r. G, H.: J. Imicet, Ds, 20: 125 (Feb) 1917,

15. Haebtel, " T. W. and Bailey, M. 5. Am. J. Fob. Hodth 2106: 42
{Jan) _1920. '

6. Goldberger, Willizms aad H:chte] Buail. 101, Byg, Lab, U, 5. P.

H. 5. 1915 p- 29,

DIPHTHERIA CHRRIERS—IVEAVER

- as deternmned by‘thc Sﬂﬁ&k-‘,tﬁaﬁ

- ders. To prevent the transier of: “banﬂ;; ¢
to those about requires the apphdﬂ" art,

cespecially of becomiing

nun, A MLCA
xix 2k, 1%
presence of diphtheria and emphasizes the d:f'f:ml
of erzdicating the disease,
In distincmon to-the badlli from “hﬂﬂltby”'anr‘-ﬁan
contact carriers, those cultwatcd from persgos
have recently had dzphthena “eotrvalescent™. m:ne;z_s
or those who have besn in contact with cises ‘of
theria, “contact” carriers, are v:rulent in a largc prc}
portion. -
The committee o.f the Massachusetts Assou:tapfo.
Boards of Health** decided that bacifli from’pefson:
who had been in close contact with cases of- diphthtm
are ysually virolent. I* concluded:froa:’ ,mj
that such cultures were practically _always ‘ v
Utheim ** found cultures from seventy-nine it e-é“,-
cents and eleven carriers unifermnly virnlent.  #545%
Hachte! and Bailey ** fdund minety-seven nut-nf IOC
cultures from immediate conticts "to. ‘be Aitmlant

Wadsworth * found cultyres from: mmalﬂsc:ﬂi;;m;ar

riers virulént ‘in $2.5 | percent, Ana i
carriers in 80 per cent,
The part that carriers pla.y in the:
is doubtless considerable. The .tmnngtr»
a carrier to 2 Susceptible’ pcrson'ma'"
of clinical diphtheria, and ta imufinng’ Feripin
tiply ‘the ‘numbers of &arfers’™ 'h:ch'-""'afﬁi Vo
potential spreaders.of the d:s:-ase-‘ s 15
dence that the bacilli lose. ther wnﬂ
stderable degree when the'y yeside:
nose of a carrier, even'for a.long? um
What to do with diphtheria mrnm
problem for these dealing with: publicil
In this, as in many other imstances 'the ff i
be directed toward prevention,’ espcma:ﬂﬁgpj,isolﬁﬁnn
of cases of diphtheria, and. by, th: protcﬁog:pf-ﬁztt:n-

dants from infection. Imim %ﬁﬁhﬁ-

e

antitoxin of contacts who are “suscer

It does nof’ prcvmnthe'pmaﬂ

d.lphthe'.‘ﬂa

oftenn cannot be cazne:;:l out bccaﬁse. o]
gﬂﬂt apprtﬂatmnvand t‘ﬂmmg;’ FThe . '1-'-'-! -
constmcted: gauze_lma-.sk& b}',thm%,i 7 ¥ mup
of . cixphﬂmn;fwi]l 4 bﬂ.,._:gs :

tion.. ... - ;

*" Gelién, Moss ‘and Guthtie: fonod sty £70)
~of schmlchﬂdrm mr.h-;jn e '5'1’1; FeT
_throat, conditions; as nnmpuai‘%

i g Kt

among children - mﬂ:mﬁganv&
d':se:ase:d tm:si].s, t::'l.a.:gcd aden

cardier. , The. cm:rcn:t:.m of
reduce the hkd:hmd of

mri‘z { iy Fmitly i ] *
‘When an ipdividual bis b&iotoe . J ey
sures to, be instifuted : shobld varhRixrdnirdnesin
bacilli are or are not vm:lmf. gﬁ%ﬁi- Pt cat
allows most such individials: o heliitmicu :
dangerous to ‘othets. ' /{CofY: i

riers the virulence of the badll
carmers. mist a.hways be. cnnsaa'

-If the carriage’is pr.rsmtmt,_a;-

occzsionally rcvmlanunwrglm.t fang:

possessct to be relensed frorg rest ::'" P
Persistent carrieTs, of, vicaledts L
sent some local pathologic] mmfuun.m%‘
J...m. Yy Y

R *ﬁ%
17, Uthnn. £.; Nenk Mmz'm i far:z-.-rﬂ‘mh T G:r!‘ 3
ioA M. TR E95 (Auog. I¥) 17 Y rr*-"uv_,ﬂ _&__;l ; ‘.

,"?“

18. Wad.:wuh A. B Vttulmr-: af 'Dtnhth:l;u :
theria Parcats and frem Carriers, J. .A'. A A TAT LT,
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s 'the correction of which is usually followed by
{ppearance of the bacilli. No satistactory means
{peen devised for destroying the baalli, When locl
% ures are of value it'is usually because they aid in
ferting abnmorinal conditions which int¢rfere with
 festriiction of the bacilli by thé natiral bactericidal

%cejst:s of the body. If such local treatment has been

Lnccessful, removal of tonsils and adenoids will
Zally be followed by the disappearance of the bacilli.

—

INDUSTRIAL LEAD POTSONING*

MARVIN D. SHIE. MD.
LAREWGOD, OZI0

jead poisorning is. almost as old as written history.
“dent Rome used lead pipe in its wonderiul water-

systam, and many of the inhabitents became
Sicted with the disease. It has received the attenton

%physic:iaris ever since the dawn of medical saence, -

-every age has witnessed cootributions on the sub-
£ py medieal men. The more recent additions to our
owiedge of the problems have been made through the
varches and writings of such authorities as Oliver,
e, Goadby, Hamulton and Hayhurst. . Notwith-

Zmding all these contributions, there stl] remain a few.

“‘Bints about which there is some disagreement, and the
Aesent paper, pot intended 2§ a thorough discussion of
Al the phases of plumbism, 1s -offered for what it is
Eoorth as.2n aid in clearing up a few of these points.
¢ material is drawn from experience gained durting
gstudy of lead poisoning in several industries, during
Flochi I made thorough physical examinations, includ-
e lahoratory work, of more than 900 workers exposed
% the Tead hazard Eighty of these were found to be
fiffering ' from lead poisoning in various degrees of
‘ayefity, and ninety-five others had snfhcent signs and
ymptoms of -plumbism to warrant a tentative diag-
Josis. © L N . .
ETIOLOGY
e greatest amount of Jead poisoning occurs

5y far

g;;rm s xsed, .avid in -which there is consequently 2

gossibility -of-the “workers’ contracting plimbism. As

gdustry }s’ becoming more and more diversified, this
ber 3§, constantly being increased

«With the possible exception of the.sihicates, it seems

Tt lesdin any form is wpable of produdng poisoning.

Zhis Panger 15 more apparent with the solubie salts

Snd with the fumes from the molten metal, It decreases

Bs the salts becorne less soluble, and as the temperature
['molten metal 1s decreased. Thus, with lead sulphid,
izalt relafively insoluble in the gastric and intestinal
§alcey; and with the cold metal itself, thers is compara-
#ively little danger. o :
“Aside froin the industrial sources, lead potsoning
oecasionally occurs in domestic life.  Formerly this type
was. fairly ¥requent, owing, to the lead absorbed from
lead pipes by drinking water. Cases have also oceurred
rom eating canned food, ‘because of the dissolving
tchon of certain fruit juices, ¢tc, on the lead in the
solder.  Other cases have occurred through the use of
=osmetics, hair dyes, etc., containing lead.
* The “portals of entry” by means of which lead enters
he body are threefald. The most important of these

" This papecr waz awarded the 5100 Hamilwe Fisk Biggar, Sr.. prisc
ot 1920, imamied by the Crevelapd Medical Library Assosiation.

INDUSTRIAL LEAD POISONING—SHIE

jdustrial .workezs.. There are now approxi- '
-American industries in which lead in some,

is through the digestive tract, as when lunches are kept
or eaten in rooms in which there 15 dust dontaining
Jead ; when food or tobacco is handled with hands dirty
with lead compounds; when water or food contaming
lead is used: and when men worling in atmospheres
contamninated with lead dust swallow either the dust
which accumulates in their nasopharynx or what 15
dissolved in their saliva P
The second channel of enmtrance is, by way of the
respiratory tract through breathing of lead fumes and
dust contzining lead. Lcad poisoning may occur from:
the fumes of molten lead even when the temperature
of the latter does not reach the boiling pomnt. 1 have
demonstrated by means of sodium sulphid papers that
lead fumes are given off from pots of molten lead at
a temperature of approximately 730 F., and have
found cases of lead poisoning among the mén working:
with lead at this temperature. It isiquite likély that
‘fumnes are given off at temperattires evenlower thzn;
this, Most of the lead dust breathed is caught i the:
nasopharynx and swallowed, . Lehman land Saito:FaveE:
shown experimentally that when dust ds brelthed Soly?
12 per cent reaches the lungs, whereas VO- per .cemt,s
reaches the alimentary canal. O TR A
The third and least important channel of entrandeds:
throngh the siin, Some nvestigators have denied thil:
fead poisoning can be caused in this way, but enougli
cases have besn encountered with apparently no'other
possible means of absorption to entitle it to consideras
tion. As mentioned in a previous paragraph, cosmetics
and hair dyes comtaining lead have been known™{5°
cause plumbism. A casc was encountered in Clevelind:
which had apparently developed from the ise of 2 cane’
with 2 jead head This ase is similar to that.of hg’
harness-maker reported in the literature, who developed
lead poisoning from the use of 2 small piece of metalfic
lead with which he was in the habit of pounding the.
leather. I myself encountered two miild ca.se.sa.moﬁ&
men who handied 100-pound lead pigs’ Jn thisscise
there is, of course, the possibility that they “bresthed}
and later ingested tiny- bits of ‘metallic lead -an't Br:
lsad oxid worn off the pigs in handling -, 25k ,5*7%
"The lead that reaches the stomach "ismn\?gnéﬁ‘iu}"gig
~the chlorid by the action of the gastricijuice s Hnifhis:
form it is capable of osmosis and so enters "therléod‘}
gtream, where it combines with-proteins, i fgrming ans
albuminate. The lgad "that reaches the iungs-.’passa‘ég

—

- through the alveolar bd capillary walls *H-‘Dd‘fOI'IIIS'th‘gr;

same compound. If iead is really absorbed through the:
sldn, it is likely that this compound is. formied fherel
also. : ' 2 " L te) ,l;-.._..,.‘,ﬁ
Some of the lead albuminate m'cﬁcrctqd_‘by' fiic_-léﬁﬁ"{
nieys: the remainder passes inta the tissuds, whereBREl
remains insoluble 50 long as-the reaction’is ‘neurrals 1t
may remain here for long periods, doing .‘hq]:ﬁ;;'ﬁﬁ{
until some change occurs’ in metabolism to a,lt&iiﬂ-.’d
reaction of the tissues, This renders-the'albutnigife?
soluble and capable of reabsorption. ,-_‘It"‘is"jﬂ-ius;‘ré.ﬁlg
10 reenter the blood stream and once more . exerf ife
harmiul effects.. For this reason it s somietimes:
unwise to give iodids to patienits' who have “worked w3
lead, a5 the iodids may rclease the albuminate-afd:
cause the lead to be reabsorbed, with restltingmanis
festations of acute plumbism. Any~sudden -uausasl]
exposure, 2 drinking bout, or an infection such7as
influenza, may produce the same effects, ERES R
Lead that 1= not acted on by the gastric jujce -pa.ss,c}s"
out in the feces as a sulphd. The gastnc jnice 35
capable of exerting more solvent action on lead whea -.
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